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Monday, February 27, 2012 257aa fraction of vesicles is permeabilized, leading to a rapid loss of fluorescence,
while a further slow decrease in the fluorescence signal can be observed. We
have been able to attribute the latter observation to alpha-synuclein oligomer
enhanced lipid flip-flop. Additional experiments showed that the fraction of
negatively charged lipids is decisive for membrane impairment. Taken together
these results suggest that alpha-synuclein oligomers disturb the lipid packing,
therefore impairing membrane integrity. The loss of lipid asymmetry is a novel
mechanism that may contribute to or trigger neuronal death in PD.
Finally, using atomic force microscopy in combination with suspended asym-
metric phospholipid bilayers, which closely mimic the plasma membrane, we
characterize the membrane properties at binding sites of alpha-synuclein olig-
omers (e.g. penetration depths, membrane thinning or creation of membrane
defects) to get further insights about the impact of the oligomers on lipid bilayer
integrity.
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The Physical Motive of Early Tau Oligomer Formation and Aggrega-
tion into Fibrils is Seen through Site-Specific Tracking of Hydration
Dynamics
Anna Pavlova, Songi Han.
UCSB, Santa Barbara, CA, USA.
The early onset and increase in severity of Alzheimer disease symptoms are of-
ten associated with accumulation and toxic effects of the early tau oligomers,
rather than highly structured fibrils. These oligomers recently became an im-
portant therapeutic target for Alzheimer treatment, yet their structural and
physical characteristics are purely understood due to challenges associated
with capturing and studying these transient and dynamic species that form un-
der physiological conditions. While the essential role of biological water in me-
diating the protein aggregation and toxicity of oligomeric intermediates is
undeniable, experimental demonstration has been lagging behind. We have re-
cently developed and utilized a novel ultra-sensitive technique, termed Over-
hauser Enhanced Dynamic Nuclear Polarization (OE-DNP), for temporal
tracking of the biological water dynamics at specific protein sites. This meth-
odology has enabled us to determine the role of solvation water on the surface
of tau protein as it undergoes transformations into early oligomers and further
formation of amyloid fibrils. We find tau oligomers accumulate and dominate
the early stages of in-vitro aggregation before appearance of elongated fibrils.
Our data shows that these early intermediates are partially structured, but
mostly disordered, where the core of the oligomers is filled with slow water.
We find that further aggregation proceeds through structural rearrangements
of tau as the early oligomers mature into the structured oligomeric blocks,
that anneal in a linear manner to form elongated amyloid fibrils. We also ob-
serve that the slow water, homogeneously spanning the core of the early olig-
omers, shifts its signature toward the more polar and charged amino-acid
regions of tau as mature fibrils are formed. Thus the loosely bound water plays
an immediate role in hydrating the early oligomeric globule of tau and further
self-assembly.
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A Mobile Precursor Determines Amyloid-b Peptide Fibril Formation at
the Liquid-Solid Interface
Xiaoyang Zhu, Lei Shen.
University of Texas, Austin, TX, USA.
The aggregation of peptides into amyloid fibrils plays a crucial role in various
neurodegenerative diseases, such as Alzheimer’s disease and Parkinson’s dis-
ease. While extensive work has been devoted to the study of solution fibril for-
mation in vitro, the situation differs fundamentally from that in a living cell
where the effect of macromolecular crowding provides a very large surface
area surrounding peptide and protein molecules. Here we study the dynamics
of fibril formation of Alzheimer’s amyloid-b peptide, Ab42, on nanoscopic pat-
terned block copolymer films and self-assembly monolayer modified surfaces
with different hydrophobicities. We report the discovery of that weakly ad-
sorbed peptides with two-dimensional diffusivity is a critifcal precursor to fibril
growth. A balance between mobility and transient concentration of the peptide
precursor state determines the kinetics of fibril formation.
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Can We Prevent the Beta Amyloid Peptide, the Characteristic Peptide
Found in Alzheimer’s Disease, from Becoming Neurotoxic?
Sandra Chimon Peszek.
DePaul University, Chicago, IL, USA.
At the early-stages of amyloid research, amyloid fibrils were believed to
formed from direct conversions of unstructured monomeric amyloid beta pep-
tide, Ab, the amyloid protein which characterizes Alzheimer’s disease (AD).
However, recent structural and kinetic results describe a model for the molec-
ular kinetic level. First, monomeric Ab molecules in random coil conforma-tions self- assemble into a non-beta sheet intermediate, INb, which is an
aggregate with no amyloid-like b-sheet structures. Then, INb assembles into
a b-sheet intermediate, Ib, a spherical intermediate that is surrounded by well
ordered b-sheets.
Great interest is focused on the ‘‘hair-pin’’ region, between residues 16 and 21
also known as the ‘‘KLVFFA’’ region. This region has been shown to contrib-
ute to both the secondary and tertiary structure of the peptide; containing the
transition portion of the peptide which moves from extracellular to transmem-
brane regions; and it contains the salt bridge from residue D23 to K28. In spite
of the growing importance of these intermediates as a therapeutic target for AD,
there is little structural information about the intermediates of the shorter region
between resides 22 and 35, Ab(22-35), because of their non-crystalline and un-
stable nature. The primary objective of this study is to determine the structure
of the hair-pin region of these interval sites without the presence of the
‘‘KLVFFA’’ residues.
The examination of the intermediate species for various single point mutations
will be explained because not only do they have higher neurotoxicity than the
wild type, but also promote the formation of subfibrilliar intermediates. The ob-
tained structures will be compared to those of the WT Ab intermediates and fi-
brils, based on a hypothesis that the molecular level structural change caused by
the mutation also change the kinetics of misfolding.Protein Assemblies
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Application of Split-GFP System in Biophysical Research and in Cell
Biology
Keunbong Do, Steven G. Boxer.
Stanford University, Stanford, CA, USA.
Truncated green fluorescent protein (GFP) that is refolded after removing the
10th beta strand can readily bind to a synthetic strand to fully recover the ab-
sorbance and fluorescence of the whole protein. 1) The spontaneous reassembly
allows rigorous experimental determination of thermodynamic and kinetic
parameters of the split system including the equilibrium constant and the asso-
ciation/dissociation rates, which enables residue-specific analysis of peptide-
protein interactions. 2) Furthermore, the split-GFP scheme, with its complete
synthetic control over the split peptide, is ideal to study the biophysics of color
tuning in fluorescent proteins by gradually changing the local solvation envi-
ronment of the chromophore to selectively stabilize or destabilize a certain res-
onance contributor that leads to different degree of color shift. 3) The
dissociation rate of the noncovalently-bound strand is observed through the
strand exchange process that is accompanied by a color change, and surpris-
ingly, the rate is greatly en-
hanced by light irradiation.
This peptide-protein photo-
dissociation is a very un-
usual phenomenon and can
potentially be useful for
introducing spatially and
temporally well-defined
perturbations to biological
systems as a genetically en-
coded caged protein.1303-Pos Board B73
Mechanisms of Molecular Assembly for the PDZ and LIM Domains in the
Adaptor Protein LMO7
Justin C. Baker, Jun Li, Bryce C. Hilburn, Cassandra N. Meadows,
Pradeep R. Rajasekaran, Janelle M. Owens, Yuanxiufu Cao,
Fernando F. Cuadrado, Shannon C. Banning, Gabriela C. Perez-Alvarado.
Southern Illinois University, Carbondale, IL, USA.
The cadherins and nectin transmembrane proteins are connected indirectly to
each other and to the cytoskeleton through their interactions with cytoplasmic
proteins. The adaptor protein LIM domain only-7 (LMO7) has a role in stabi-
lizing the communication between the cadherin and nectin associated com-
plexes in the adherens junctions through its association with alpha-actinin
and afadin.1 LMO7 is also associated with the regulation of transcriptional ac-
tivity of myocardin-related transcription factors.2 In the nucleus, LMO7 inter-
acts at the nuclear envelope with emerin, and regulates the transcription of
genes important for heart, muscle and retina formation.3 LMO7 interacts
with afadin through a C-terminal LIM domain and interacts with alpha-
actinin through a region N-terminal to a PDZ domain. We have characterized
these domains by SDS-PAGE electrophoresis, analytical reverse-phase HPLC,
mass spectrometry and NMR spectroscopy. The oligomerization states of these
258a Monday, February 27, 2012domains and the mechanism of protein-protein complex formation are being
analyzed using a combination of analytical gel filtration and NMR spectros-
copy methods. These studies are providing information to further our under-
standing of the protein-protein assembly process at the sites of adhesion.
1. Ooshio et al. J. Biol. Chem. 279, 31365-31373 (2004).
2. Hu et al. Mol. Cell. Biol. 31, 3223-3240 (2011).
3. Holaska et al. Hum. Mol. Genet. 15, 3459-3472 (2006).
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Characterization of dexD/H-Box RNA Helicases Involved in Fission Yeast
Spliceosome
Yoshimasa Takizawa, Melanie D. Ohi.
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The spliceosome is a dynamic macromolecular machine that catalyzes the pre-
mRNA splicing reaction. The megadalton-sized spliceosome is composed of
four small nuclear RNPs (U1, U2, U5, and U4/U6) and numerous pre-mRNA
splicing factors. The formation of an active spliceosome involves a series of
regulated steps that requires the assembly and disassembly of large multipro-
tein/RNA complexes. At least eight DExD/H-box RNA helicases are involved
in the splicing reaction (Prp5/Prp11, Sub2/Uap56, Prp28, Brr2, Prp2/Cdc28,
Prp16, Prp22 and Prp43), and are highly conserved through yeast to human.
Previous studies showed that these RNA helicases are important for rearranging
the spliceosome during assembly, activation and disassembly. However, the
mechanism(s) of how they regulate and control spliceosomal conformational
changes remain elusive. To generate a structural based model for how RNA
helicases control spliceosome transitions, we are using the genetically tractable
fission yeast, Schizosaccharomyces pombe. To explore RNA helicase function
in the splicing reaction we have generated a bank of integrated dominant neg-
ative DExD/H RNA helicase alleles that are under the control of a conditional
promoter. As expected, cells over-expressing these mutants accumulate pre-
mRNA and die. We are now further characterizing the structural and functional
consequences to spliceosome complexes containing mutant helicases.
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Surface Loops in Evolution of Bispecific Protein: Protein Interactions
Poorni Adikaram, Dorothy Beckett.
University of Maryland, College Park, MD, USA.
The ability of the Escherichia coli protein, BirA, to function as both an essential
enzyme and a transcription repressor relies on use of a single surface for two
distinct protein:protein interactions. BirA hetero-dimerizes to catalyze the es-
sential post-translational biotin addition to acetyl-CoA carboxylase and
homo-dimerizes to bind site-specifically to DNA and repress transcription ini-
tiation at the biotin biosynthetic operon. Six surface loops on BirA, two of
which show sequence conservation in all biotin protein ligases and the remain-
der of which are highly variable, are located in the two interfaces. The function
of these loops in the two dimerization reactions was investigated by character-
izing alanine-substituted variants. Sedimentation equilibrium measurements
revealed that alanine substitution in both conserved and variable loops result
in large perturbations to homo-dimerization. By contrast, steady state kinetic
measurements of biotin transfer indicate that substitutions in only the con-
served loop sequences impact hetero-dimerization. The results illustrate how
protein surface loops can be used to evolve new interaction potential without
compromising pre-existing function. Supported by NIH grants R01GM46511
and S10RR15899.
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The Dimer Interface of SecA
Andy J. Wowor, Sarah M. Auclair, Dongmei Yu, Ping Zhao,
Debra A. Kendall, James L. Cole.
University of Connecticut, Storrs, CT, USA.
In prokaryotes and eukaryotes, the general secretion (Sec) pathway transports
preproteins across membranes. The ATPase SecA mediates preprotein translo-
cation through the integral membrane channel SecYEG. SecA exists in a mono-
mer-dimer equilibrium at micromolar concentrations that is highly sensitive to
salt concentration and temperature (1,2). Interestingly, the published crystal
structures of SecA reveal different dimerization interfaces. It is unclear which
of these structures, if any, represents the physiological dimer interface. In order
to address this question, we created mutations based on the alternative dimer
interfaces observed in the crystal structures. We determined the effect of ala-
nine mutation of interfacial residues on dimerization energetics using sedimen-
tation velocity. Residues for mutagenesis were chosen by computational
alanine scanning using the program ROBETTA. The residues selected for ala-
nine mutations were predicted to destabilize the interface by at least 1 kcal/mol.
The results are consistent with one of the crystal structures and suggest that it
represents the solution dimer interface.1. Woodbury, R. L., Hardy, S. J. & Randall, L. L. (2002). Complex behavior in
solution of homodimeric SecA. Protein Sci 11, 875-882.
2. Wowor, A. J., Yu, D., Kendall, D. A. & Cole, J. L. (2011). Energetics of
SecA dimerization. J Mol Biol 408, 87-98.
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Effects of Phe19 and Phe20Mutations on the Aggregation of A-Beta(16-22)
Derrick R. Dennis, Sean M. Decatur.
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A-beta(16-22) is a seven-residue fragment of the amyloid beta polypeptide,
with sequence KLVFFAE. This fragment aggregates in aqueous solution, form-
ing antiparallel beta sheets that laminate into microcrystals. The in-register an-
tiparallel beta sheet conformation brings the oppositely charged end residues
(Lys and Glu) into proximity, suggesting that salt bridges play an important
role in stabilizing the aggregates. However, molecular dynamics simulations
suggest that the hydrophobic core, especially the phenylalanine resides, may
be the important factors in stabilizing the beta sheets. In this poster, we report
the results of substituting positions 19 and 20 with aliphatic residues differing
in length and branching of the side chain, from alanine through leucine. FTIR
spectroscopy is used to probe the degree of beta sheet formation, while near-
UV spectra are used to probe pi-pi stacking between phenylalanine side chains.
Overall, substitutions at Phe19 have a larger impact on beta sheet formation
than substitutions at position 20. The data suggest that the extent of pi stacking
is correlated with aggregate stability.
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Density Contrast Sedimentation Velocity for the Determination of Protein
Partial-Specific Volumes
Patrick H. Brown.
NIBIB, Bethesda, MD, USA.
The partial-specific volume of proteins is an important thermodynamic param-
eter required for the interpretation of data in several biophysical disciplines.
Building on recent advances in the use of density variation sedimentation
velocity analytical ultracentrifugation for the determination of macromolecular
partial-specific volumes, we have explored a direct global modeling approach
describing the sedimentation boundaries in different solvents with a joint
differential sedimentation coefficient distribution. This takes full advantage
of the influence of different macromolecular buoyancy on both the spread
and the velocity of the sedimentation boundary. It should lend itself well to
the study of interacting macromolecules and/or heterogeneous samples in
microgram quantities. Model applications to three protein samples studied in
either H2O, or isotopically enriched H218O mixtures, indicate that partial-
specific volumes can be determined with a statistical precision of better than
0.5%, provided signal/noise ratios of 50 - 100 can be achieved in the measure-
ment of the macromolecular sedimentation velocity profiles. The approach is
implemented in the global modeling software SEDPHAT.
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The Interaction Between Cisd2 and Bcl Proteins at a Non-BH3 Domain
Binding Site
Andrea R. Conlan1, John A. Zuris1, Mark L. Paddock1, Chen Katz2,
Sagi Tamir2, Shahar Rotem-Bamberger2, Assaf Friedler2,
Rachel Nechushtai2, Patricia A. Jennings1.
1UCSD, La Jolla, CA, USA, 2Hebrew University, Jerusalem, Israel.
Cisd2 (Miner1/NAF-1) is a key regulator of mitochondrial integrity and life
span via direct interactions with Bcl-21. As deficiencies in Miner1 drive prema-
ture ageing, cognitive defects and mitochondrial breakdown2, it is essential that
we understand the molecular regulation of this protein. We have shown that
Cisd2 is a CDGSH structural homolog that harbors the conserved two redox-
active 2Fe-2S clusters3. Pro and anti apoptotic Bcl proteins often interact
through their conserved hydrophobic BH3 domains. However, the CDGSH
family of proteins does not retain a region that is homologous in sequence
nor structure to this BH3 domain. In addition, Cisd2 binds to Bcl-2 in the pres-
ence of Beclin 1, which binds in the canonical BH3 binding site. Therefore,
Cisd2 must interact with the Bcl proteins in another fashion. We have begun
our investigation into this interaction with peptide array methods4 to identify
regions of Cisd2 involved in binding to Bcl proteins. Moreover, these interac-
tions directly affect the cluster stability of Miner1. The Cisd2 iron sulfur clus-
ters were significantly destabilized in the presence of Bcl proteins. This
interaction is specific as it was shown that while Cisd2 binds the anti-
apoptotic protein Bcl-2 this protein does not interact with Cisd1 (mitoNEET),
a human homolog with high sequence homology to Cisd2. We found Bcl pro-
teins to have no effect on the stability of the iron sulfur cluster of Cisd1. This
newly described protein interaction provides a link between mitochondrial in-
tegrity and the functional cofactor of specific CDGSH proteins.
